Ricin, a galactose-binding lectin with potent cytotoxic activity, was used to select a clone of Chinese hamster ovary cells with altered plant lectin-binding properties. The clone (15B) is 80-fold less sensitive to the toxic action of ricin than the parent line. In the absence of ricin, it grows both in monolayer and suspension culture with a normal generation time. Plating efficiency, however, is significantly reduced. Relative to the parent cells, its binding of the Ricinus communis lectins, Phaseolus vulgaris erythroagglutinating phytohemagglutinin, Abrus precatorius phytohemagglutinin, and soybean phytohemagglutinin is less than 7%, while binding of lentil phytohemagglutinin, wheat-germ agglutinin, and mushroom phytohemagglutinin is 17%, 40%, and 109%, respectively. In contrast, its concanavalin A binding is increased by 70%.
38% less N-acetylglucosamine, 49% less galactose, the same amount of N-acetylgalactosamine, and 53% more mannose than the membranes of the parent cells.
A number of basic questions remain unanswered about the structure, function, and biosynthesis of cell-membrane glycoproteins and their oligosaccharide units. Many of these questions have proved difficult to approach with standard biochemical techniques. For instance, it is extremely difficult to remove sugars other than terminal sialic acid residues from the surfaces of intact cells. Consequently, it has not been possible to degrade cell-surface oligosaccharides and determine what effect their removal may have on various biologic functions of the cell. In considering this problem, it seemed to us that if cell lines with altered surface carbohydrates could be isolated, they might provide a unique opportunity to study the biologic role of membrane glycoproteins. To achieve this, we have used ricin, the toxic lectin of Ricinus communis, as a selective agent.* This lectin binds to a galactose-containing membrane receptor (1) (2) (3) and subsequently causes an irreversible inhibition of protein and DNA synthesis leading to cell death (4-7). Our approach was to add ricin to cells growing in tissue culture and test surviving cells for their ability to bind Abbreviations: PHA, phytohemagglutinin; WGA, wheat-germ agglutinin; CHO cells, Chinese hamster ovary cells; E-PHA, erythroagglutinating phytohemagglutinin; Con-A, concanavalin A.
* The toxic lectin of Ricinus communis has been called ricin by most investigators (3) (4) (5) 8) . In our previous publication we referred to this substance as Ricinus PHA II (7) fetal-calf serum, 50 units/ml of penicillin, and 50 Ag/ml of streptomycin. Cells were freed from the monolayer dishes with 0.25% trypsin.
Lectins. The Ricinus communis lectins were prepared from castor beans as described (7) . Ricin has an estimated molecular weight of 60,000 and is 200 times more toxic than Ricinus phytohemagglutinin (PHA) IV. Phaseolu-s vulgaris erythroagglutinating phytohemagglutinin (E-PHA), lentil PHA, and mushroom PHA were purified as described (10) (11) (12) . Wheat-germ agglutinin (WGA) was purified from crude wheat germ by affinity chromatography on ovomucoid-Sepharose (13). The ovomucoid was conjugated to Sepharose activated with cyanogen bromide, as described by Cuatrecasas (14) . The Abrus precatorius lectin was also purified by affinity chromatography on ovomucoid-Sepharose. Soybean agglutinin was prepared by the method of Lis and Sharon (15) . Concanavalin A (Con-A) was purchased from Nutritional Biochemical Corp. Each of the lectins gave a single band on disc-gel electrophoresis.
lodination of Lectins. The lectins were iodinated with 125I by the method of Hunter (16) , by a 10-sec exposure to the chloramine-T. Iodination of Con-A was performed in the presence of 0.2 M a-methyl-D-mannose, which was subsequently removed by gel filtration.
Preparation of Crude Membrane Fractions. Cells (100 to 300 X 106) were suspended in 3 ml of H20 and subjected to freeze- thawing five times in a dry ice-acetone bath. The membranes were sedimented at 100,000 X g for 60 min, resuspended in 3 ml of water, and sedimented again. The crude membrane pellet was then suspended in H20.
Chemical Analyses. Protein was determined by the method of Lowry et al. (17) . Sialic acid was assayed by the thiobarbituric acid method of Warren (18) after hydrolysis in 1 N HCl for 90 sec at 1000. Mannose and galactose were determined enzymatically after hydrolysis in 2 N H2S04 for 4 hrs at 100°a nd deionization on Amberlite MB-3 (19) . Hexosamine was A determined with an automatic amino-acid analyzer after hydrolysis in 4 N HC1 for 4 hr at 1000 under reduced pressure followed by lyophilization to remove HC1. RESULTS Toxicity of Ricin Toward CHO Cells. Previous work has demonstrated that ricin is extremely toxic to a number of cell types. The toxicity to CHO cells is reflected in the different plating efficiencies of this cell line in the presence and absence of ricin. Thus, 0.01 ;sg/ml of ricin caused a 95% decrease in plating efficiency while 0.1 /Ag/ml caused a greater than 99.5% decrease ( Table 1) .
Isolation (Fig. 1) . In several experiments it was noted that even in the absence of ricin, the plating efficiency of the 15B line was less than that of the parent line (Table 1) . When the 15B cells were grown in the presence of 0.1 ,ug/ml of ricin, the generation time was prolonged to 54 hr and the plating efficiency was decreased about 50% (Table 1) (Fig. 3) The preparation of the membranes and the methods for carbohydrate analysis are described in Methods. membranes is actually increased by 53% over the parent line. The N-acetylgalactosamine content is similar in both cell lines.
DISCUSSION
These data demonstrate that the toxic lectin of Ricinus communis can be used to select a clone of cells with altered membrane oligosaccharides. One striking consequence of this membrane alteration is a marked decrease in the number of binding sites for some, but not all, lectins. This pattern of lectin binding to the 15B cells becomes more understandable when we consider the available information concerning the structure of lectin receptors on human erythrocyte membranes (11, 12, 21) . In that cell type, mushroom PHA binds to the Type II oligosaccharide chain while P. vulgaris E-PHA, lentil PHA, and probably Con-A bind to the Type I oligosaccharide (Fig. 4) . The Ricinus communis and Abrus precatorius lectins bind to a third type of oligosaccharide unit that contains predominately galactose and N-acetylglucosamine residues (L. Adair and S. Kornfeld, J. Biol. Chem., in press). The finding that mushroom PHA-binding to the 15B line is essentially normal and that the N-acetylgalactosamine content of the membranes of these cells is about the same as the parent line suggests that the Type II oligosaccharide units of the 15B cells are intact. It has also been shown for human erythrocytes that removal of the galactose residues from the erythrocyte Type I chains results in a 90% loss of P. vulgaris E-PHA binding while removal of the outer N-acetylglucosamine residues leads to a 70% decrease in lentil PHA binding (11, 21) . The mannose residues in the core account for the residual lentil PHA binding and probably account for all of the Con-A binding since Con-A is known to bind to a-linked mannose residues (22) . Therefore, in 15B cells a block in the synthesis of Type I-like units distal. to the mannose residues could account for the observed alterations in the pattern of lectin binding as well as for the finding of a decreased content of sialic acid, galactose, and N-acetylglucosamine in the membranes. Since galactose residues also serve as the determinant sugars for the Ricinus communis and Abrus precatorius lectin receptors (1-3, 6-7), we postulate that the 15B cells may have a defect in membrane oligosaccharide biosynthesis which affects the synthesis of at least' two types of galactose-and N-acetylglucosamine-containing units. anti-lectin and complement to isolated murine lymphoma-cell variants that are 10-to 100-fold less sensitive to the direct cytotoxic action of ricin and WGA and (24). These variant cell lines differ from the 15B clone in that they possess 40-70% the lectin binding capacity of the parental cell line. The mechanism of lectin resistance in these cell lines is not clear.
The question of whether the 15B clone represents a true genetic mutant or a serially propagated epigenetic change cannot be resolved at this time (25, 26) . The fact that the 15B clone retains its altered lectin-binding properties when grown for many generations in the absence of ricin demonstrates that the membrane alteration is stable, but does not distinguish between a genetic or an epigenetic phenomenon.
The availability of cell lines with altered surface oligosaccharides should provide an opportunity to perform a variety of studies on the structure, biosynthesis, and function of cellmembrane glycoproteins and' their oligosaccharide units. Just as bacterial cell-wall mutants have proved to be extraordinarily useful in the elucidation of the structure and biosynthesis of the bacterial cell wall, it seems reasonable to suggest that mammalian cell lines with altered membrane oligosaccharides may play a major' role in future investigations in this area.
